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Abstract 
A power limitation on a small-sized of a stallregulated wind turbine is presented. The turbine is designedwith a rated 
power of 25kWatt and operating in variablespeed. The turbine is designed to use a 30kWatt SquirrelcageInduction 
Generator (SCIG) to generate electricity. Acontrol algorithm using Indirect Vector Control (IVC) hasbeen designed, 
and the performance has been analysed. Agood result is achieved where the power can be limited atthe rated value 
during high wind velocity. The comparisontransient response when the different controller’s gain istuned is also 
demonstrated. This proposed design is to beused in the stall regulated wind turbine, with active speedcontrol. 
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1. Introduction 
In the past, the wind turbine industry was dominated by stall regulated fixed pitch fixed speed wind 
turbines [1]. Even though a stall regulated fixed pitch wind turbine offers the cheapest cost solution, it has 
drawbacks, including those related to noise, severe vibrations, high thrust loads and low power efficiency. 
To overcome these drawbacks, the rotation of the rotor/generator speed can be allowed to vary depending 
on the wind speed. With the development of cost effective power converters, and the evolution of the 
machine technology, the feasibility of such a turbine has become apparent allowing an interface between 
the constant frequency of the grid and the variable frequency of the generator [2]. This control approach 
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has attractions in comparison with a variable-speed pitch regulated wind turbine, in that there is no need 
for a pitching mechanism.  
 In the scientific literature, many methods have beenstudied in terms of wind turbine control 
strategies.However, most of these methods have been concernedwith the goal of capturing maximum 
power from thewind between cut-in and rated wind speedsuch as Leithead and Connor in [3-4]. Besides, 
reference in [5] demonstrated the scenario of tuning the wind turbine control rotational speed by 
specifying the demanded generator torque concept. In the same year, a similar technique was also applied 
in [6]. Then, in the later work, the ‘soft-stall’ approach was highlighted where the features of a benign 
stall were introduced during the regulation of the maximum power. In [7], the authors employed a 
Proportional Integral and a torque-rotor speed lookup table in tracking the maximum power coefficient 
value. In [8],PI controller is also used.Numerous advanced methods such as sliding mode control [9], 
gain-scheduling technique [10-12], adaptive controller in the form of a linear-parameter-varying and 
linear quadratic Gaussian technique [13-15], fuzzy controller [16], robust controller [17], optimal tracking 
rotor control [18-21], model reference adaptive controller [22] and neural network [23] were also 
demonstrated. However, all these worksnever mention about the application of the adjustable speed drive 
technology in detail,onstall regulated wind turbine.From the carried out literature, most of the research 
work reported about power optimization strategy. Only fewresearchers have looked at wind turbine 
control strategiesin above rated wind speed region, especially for variablespeed stall regulated fixed pitch 
wind turbine systems.Therefore, in this study, attention is paid to the powerlimiting region. The 
sophisticated IVC technique withvoltage-source inverter-fed SCIG is proposed in themeans of producing 
a faster response to suppress thetransient peak during the speed restriction. In addition,IVC’s reliability 
has been proven can generate a greatperformance in frequency response, precision and high speed 
operation using adjustablespeed drive technology [24],[25]. 
2. Indirect Vector Control 
2.1. Indirect Vector Control Algorithm 
Indirect vector control is differing from direct vector control in terms of the different method used to 
calculate the machine rotor flux position. Using this method, rotor flux position is not calculated directly. 
To calculate the position of the rotor flux, the measurements of stator currents (���� ���� ��� ) and the 
angular rotor speed (��) is needed. From the measured angular rotor speed, it is then added with the 
negative slip speed, to determine the instantaneous value of the stator speed (��). So, the determination of 
rotor flux (Ψ��) is not directly performed, and by this reason, this version of the vector control method is 
referred to as indirect vector control.  
Referring to equation (1) to (5), the relation how torque can be controlled using indirect vector control 
can be explained. For decoupling control, it is desirable that��� � �, that is,  
 
����
��
� �          (1) 
in order to make the total rotor flux (Ψ�) is directed on the ��axis. Hence, torque can also be written as 
 
�� � �
�
�
��
�
� ��
��
����������        (2)
From equation(3), it shows that torque can be controlled by regulating the ����and ����.����can be 
regulated by controlling the slip speed�����  or (�� � �� ), meanwhile, ����  can be regulated by 
controlling the ����. This may be obtained from 
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௅ೃ
ோೝ
ௗఅ෡ೝ
ௗ௧
൅ ߖ෡௥ ൌ ܮெ݅ௗ௦ௌ        (3) 
 
With ௗఅ೜ೝ
ௗ௧
ൌ Ͳ, if rotor flux ߖ෡௥= constant, then, the equation becomes 
 
ߖ෡௥ ൌ ܮெ݅ௗ௦ௌ         (4)
It also can be said that, in the steady state, the rotor flux is directly proportional with current ݅ௗ௦ௌ.  
 
For the slip speed control,߱ௌ௟௜௣ 
 
߱ௌ௟௜௣ ൌ
ோೝ௜೜ೞ
ೄ
௅ೝ௜೏ೞ
ೄ         (5) 
The detail explanation regarding these equations is available in [28] and [29]. 
 
The proposed IVC with a voltage-source inverter-fedinduction generator structure is presented in Fig 
1.In this algorithm, in the first loop, the referencecurrents (݅ௗ௦כ) are compared with the actual d-axis 
statorcurrents ( ݅ௗ௦ ). The d-axis stator current ( ݅ௗ௦ ) is obtainedfrom the three-phase stator currents' 
measurement (݅ௌ௔ǡ ݅ௌ௕ǡ ݅ௌ௖ሻ. From the measured currents, transformation fromthree-phase stator currents to 
two-phase currents d-q axesrotating frame is done (݅ௗ௦ and ݅௤௦ሻǤThe differencebetween ݅ௗ௦כ and ݅ௗ௦ will be 
tuned by Current PIcontroller until the difference between them becomes zero. The output signal then 
passed to a saturation blockfor a certain limitation procedure before producing outputof reference d-axis 
stator voltage ( ௗܸ௦כ). In the second loop, the reference generator speedሺ߱௥כሻis compared with the actual 
machine rotor speed (߱௥ሻ.The error between them is served as input to the current݅௤௦PI controller. Again, 
as in the first loop, the output ofthe controller is passed into the saturation block to ensurethe required 
limitation is fulfilled. Then, the referencevalue of q-axis stator voltageሺ ௗܸ௦
כ)  is presented. Bothreference 
d-q axes of the stator voltages ௗܸ௦ and ௤ܸ௦ arefinally transformed into three-phase stator voltages.These 
voltage signals are then used to control the on-offpulse in the inverter. 
Before implement IVC in the wind turbine controlsystems, the rotor flux linkage and the d-axis 
statorcurrent reference values must be calculated first. In theconstant torque region, the maximum limit of 
the existedtorque is usually set lower than the pull-out torque. Thiscan be achieved by limiting the 
inverter current below therated level [30]. Operating frequency during the constanttorque region can be 
defined as frequency from zero untilthe base frequency (߱௕כሻ.The reference values of the rotor flux 
linkageሺȲௗ௥
כ) and the d-axis stator current ሺ݅ௗ௦
כ) are 0.7351Wb-t and 23.14 Amp, respectively. The 
method how these valuescan be calculated is available in [29]. The reference torqueሺ ௘ܶ
כ) can be obtained 
by dividing the reference power of25 kWatt with the reference rotor speed (߱௥כሻ. Referencerotor speed is 
depended on the corresponding wind speedvariations along the time, and can be generated bydesigning a 
lookup table. In a stall-regulated, variablespeed wind turbine, the only way to keep the power at aconstant 
value is by reducing the power coefficient byreducing the rotor speed whereby the tip speed ratio 
iscontrolled between a minimum and its optimum value. 
2.2. Machine Parameter 
The studied induction machine has stator resistance = 0.145Ω, stator inductance = 33.6241mH, stator 
leakage inductance = 1.8621mH, rotor resistance = 0.263Ω, rotor inductance = 33.6241mH, rotor leakage 
inductance = 1.8621mH and magnetizing leakage inductance = 31.762mH. The machine has 4-poles, 
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moment of inertia = 0.78 kgm2, base frequency= 50 Hz, rated current = 36.4 Amp, rated power = 30 kW 
and rated line voltage = 400V.
Fig. 1.Schematic diagram of power limitation using IVC.  
3. Results 
For the field oriented control, testing was performed based on three cases. The following PI gains are 
selected for each case. 
 
Case 1: ( loop : Kp= 500, Ki =1 , loop: Kp=10000, Ki =100, loop: Kp=5000, Ki =500) 
Case 2: ( loop : Kp=250, Ki =0.5, loop: Kp=5000, Ki=50, loop: Kp=2500, Ki =250) 
Case 3: ( loop : Kp=1000, Ki =2, loop: Kp=20000, Ki=200, loop: Kp= 10000, Ki =1000) 
 
The results of the indirect vector control simulationare shown in Fig 2. The speed and the load 
torquecommand are designed based on high wind velocities.The rotor speed step varies from 147 to 177 
rad/s, whichis represent the demanded turbine speed for wind stepfrom 10m/s to 12 m/s. From Fig.2, it 
shows that thetransient during the start-up process settled at 0.65s. By assuming that all operations during 
low wind speed is disabled, power then is successfully generated. Generator speed can  limit its speed 
after 0.65s at a constant value until the load is changed to 12m/s, at the time t=2s. After experiencing 
transient for about 0.15s,the power then reaches at thereferenced limiting power at 25kW. From this 
figure,Case 2 presenting the best result which is the transientlevel is reasonable. The response time to 
reach the settling time is fast, which is it took approximately 0.1s before reach the steady-state  value. 
This is satisfactory since the generator frequency response for wind turbine operation should be able to 
reach time constant between 10ms to 1s. Case 3 represents the largestdiscrepancy of errors while Case 1 
is in the middleperformance. From observation, it shows that, smaller PIvalues, better power peak 
suppression. However, too small PI values may represent over generator’s speed compared to its 
referenced values.Careful selection of PI constant is very crucial for this control since tuning using PI 
controllers are very challenging for this plant due to its very nonlinear response.Nevertheless, as 
overall,results show that the IVC with appropriate PI values cangenerate power at its rated value around 
25kW duringhigh wind velocity, besides can demonstrate asatisfactory transient during wind speed 
change. 
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Fig. 2. Simulation results of the generated power usingIVC during power limitation. 
4. Conclusions 
A newoutcome regarding control algorithm of Indirect Vector Control (IVC) on a stall-regulated, 
variable speed wind turbine is presented. It has been integrated with three PI controllers, where one of 
them are operating alone, whereby the other two are cascaded to tighten the error correction rates in order 
to suppress the transient peak faster compared to the scalar control that was implemented in [31]. From 
this study, the behaviour of limiting the power during high velocities wind speed on a stalled blade is 
demonstrated. So far, no result representing this behaviour has been published. The proposed structure 
can be used for larger wind turbine size and the current-source inverter-fed induction generator. 
Application on the synchronous generator is also possible. The advantages over previously published 
algorithms include the use of a sophisticated and modern control technique, the use of inexpensive 
classical controllers in the proposed technique, the absence of airgap’s measurement sensors, faster 
response and the fact that the quality of the generated power is much improved during power limitation 
operation on the less cost wind turbine type. 
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